Fourteen infants were transferred to NICUs outside of Kumamoto Prefecture, which was associated with the diagnosis of congenital heart disease, dependence on respiratory support, higher risk scores, and longer elapsed time from the decision to departure. There was difficulty in arranging helicopter transportation because the coordination office of the Disaster Medical Assistance Team had requisitioned most air/ground ambulances and only helped arrange ground transportations for 13 low-risk infants. Transportation for all 10 high-risk infants (risk scores greater than or equal to the upper quartile) was arranged by local/neighbour NICUs. Conclusions: Although the overall evacuation process was satisfactory, potential risks of relying on the adult-based emergency transportation system were highlighted. A better system needs to be developed urgently to put appropriate priority on vulnerable infants.
Introduction
Japan is subject to frequent earthquakes, which have caused serious damage to hospitals [1] [2] [3] . Newborn infants hospitalised in the neonatal intensive care unit Keywords Natural disaster · Hospital evacuation · Transportation · Newborn infant Abstract Background: Newborn infants hospitalised in the neonatal intensive care unit (NICU) are vulnerable to natural disasters. However, publications on evacuation from NICUs are sparse. The 2016 Kumamoto Earthquakes caused serious damage to Kumamoto City Hospital and its level III regional core NICU. Local/neighbour NICU teams and the disaster-communication team of a neonatal academic society cooperated to evacuate 38 newborn infants from the ward. Objective: The aim of this paper was to highlight potential key factors to improve emergency NICU evacuation and coordination of hospital transportation following natural disasters. Methods: Background variables including clinical risk scores and timing/destination of transportation were compared between infants, who subsequently were transferred to destinations outside of Kumamoto Prefecture, and their peers. Results: All but 1 of the infants were successfully evacuated from their NICU within 8 h. One very-low-birth-weight infant developed moderate hypothermia following transportation.
(NICU) are vulnerable to disasters [4, 5] . However, publications on evacuation from NICUs are sparse. Here we report our first-hand experience of a total evacuation of a level III NICU to highlight potential key factors to facilitate safe, swift, and efficient emergency hospital evacuation and transportation following natural disasters.
Population and Methods
Kumamoto Prefecture (online suppl. Fig.1 ; for all online suppl. material, see www.karger.com/doi/10.1159/000466681) has a population of 1,790,000 and annual births of 15,700. Kumamoto City Hospital had the largest (42 cots) of 3 NICUs within Kumamoto Prefecture, which hospitalised 65% of extremely-low-birthweight infants and most infants requiring cardiac surgeries born within the prefecture in 2015. The main hospital building, which housed the NICU on the third floor, was erected in 1984 and had been recognised as being susceptible to earthquakes.
Information regarding the patients' clinical background and evacuation process was obtained from the data archive of the disaster-communication secretary of the Japan Society for Neonatal Health and Development (JSNHD). The risk for transportation was quantified for each infant using an originally developed composite score, which comprised a categorical rating for immaturity (0-3), respiratory support (0-4), and vascular routes (0-3) during transportation (online suppl. 
Results

Evacuation Process
On April 14,l 2016, a magnitude 6.5 preshock struck Kumamoto Prefecture, but did not cause serious damage to hospital buildings or equipment (casters diagonally locked). NICU staff checked the route and priority of evacuation (i.e., from low-care to high-care).
A magnitude 7.0 mainshock occurred at 1: 25 a.m. on April 16, causing extensive damage to Kumamoto City Hospital. Another strong aftershock at 1: 45 a.m. prompted the decision to evacuate all patients within the hospital, including 38 infants in the NICU [ Table 1 ; online suppl. Table 2 ]. Twenty nurses (including 10 early-nightshift nurses) and 3 neonatologists were available for the primary evacuation. Because the elevators were unavailable and the stairs within the building were damaged, infants were transferred from the third floor to an outside parking area through an external emergency staircase. Although the weather was fine, the outside air temperature was 14 ° C, rendering it difficult to keep infants warm without using incubators. Thus, the infants were transferred to a rehabilitation room on the ground floor, due to this difficulty. Self-inflating bags, oxygen cylinders, and infusion-pumps were available to continue medical care for 7 intubated infants, 9 infants on nasal oxygen/ventilatory support, and 14 infants who required continuous intravenous infusions. Many infants had to share a cylinder with peers because only 4 oxygen cylinders were available. At 2: 30 a.m., the chief neonatologist began contacting neighbour NICUs and the disastercommunication secretary of JSNHD by mobile phone to arrange transportation of the patients. Parents were informed that their infants were safe but required hospital transportation using mobile/landline phones.
One level III NICU in Kurume (75 km north of Kumamoto) attempted to arrange helicopter transportation, which was soon requisitioned by the coordination office of the Disaster Medical Assistance Team (DMAT). The chief neonatologist of Kumamoto City Hospital then requested the DMAT coordination office to arrange helicopter transportation of sick infants. However, the DMAT coordination office only helped arrange ground transportation 5 times for 13 stable infants. Helicopter transportation (3 flights) was subsequently arranged after 7: 00 a.m. independent of the DMAT coordination office.
At approximately 4: 00 a.m., NICU teams in Kurume, Saga, and Kagoshima left for Kumamoto using their own neonatal ambulances. Another level III, 24-cot NICU at Kumamoto University Hospital was intact, which started transferring infants to its NICU using their own neonatal ambulance at 4: 00 a.m. The number of intubated infants safely transported at a time was limited to 1-2, who were subsequently grouped with other stable infants to travel on the same ambulance. Another neonatal ambulance owned by Kumamoto City Hospital left for Fukuoka at 5: 30 a.m. to transfer 3 infants with congenital heart disease. Shortly before 7: 00 a.m., the neonatal ambulances from Kurume, Saga, and Kagoshima reached Kumamoto City Hospital to transport 6 infants to their own hospitals. By 9: 30 a.m., all but 1 infant, who was waiting for a long-distance helicopter flight to the hospital of its birth, had been successfully evacuated. Throughout evacuation, no adverse event was noted except for a very-lowbirth-weight infant, who developed hypothermia to 33 ° C following hospital transfer.
Variables Associated with the Coordination of Transportation
Thirty-eight infants (18 females and 20 males) of 33.4 ± 4.8 weeks' gestation and 42.0 ± 10.8 weeks' corrected age travelled 49 ± 61 km to their destinations. The risk score ranged between 0 and 6. None of high-risk infants with top quartile scores ≥ 4 was transferred by the arrangement of the DMAT coordination office ( Fig. 1 ) . Fourteen infants were transferred to destinations outside of Kumamoto Prefecture, which was associated with the diagnosis of congenital heart disease ( p = 0.001), higher dependence on invasive/non-invasive respiratory support ( p = 0.001), higher risk scores ( p = 0.002), and longer elapsed time from the decision of evacuation to the ac- a Including respiratory failure (n = 2), jaundice (n = 1), and maternal diabetes (n = 1).
b Risk scores for transportation comprised a categorical rating for corrected age, respiratory support, and blood access. See online supplemental Table 1 for the details of the score and its items.
c Hospitals that provide regular surgical treatments for infants with CHD.
d Subgroups defined according to destinations, i.e., within or outside Kumamoto Prefecture. CHD, congenital heart disease.
tual departure from Kumamoto City Hospital ( p < 0.001). Referral to level III NICUs was more common for infants who were transported outside of Kumamoto Prefecture than their peers ( p = 0.002).
Discussion
Despite failure in cooperation with the DMAT coordination office, the NICU team of Kumamoto City Hospital succeeded in evacuating the majority of patients within 8 h by closely cooperating with neighbouring NICU teams. The disaster communication team of JSNHD helped facilitate a network with remote NICUs using its online directory and a range of communication tools including internet phone, text messages, and social networking services. This directory was created after the 2011 Great East Japan Earthquake, when interhospital communication was disrupted because of the differential loss of communication tools in different regions [6] .
Several conditions, which worked in favour of an expeditious evacuation, need to be taken into account. For example, nurses who had finished the early night shift were still around. There was no high-risk delivery during the evacuation. Physicians/nurses were able to use a range of communication tools. The number of casualties was relatively small, leading to the availability of ambulances for in-hospital patients. Ground transportation was possible despite the damage to the highways.
Newborn infants are susceptible to stressors, and can easily become hypothermic [5] . Prolonged manual ventilation may cause tube dislodgement/obstruction. Thus, for sick infants, the risk of long-distance transportation should be minimised using helicopters or neonatal ambulances. It was unfortunate that the DMAT coordination office did not offer helicopter transportation for infants. A potential danger in relying on the current triage system to assess the order of emergency transportation for NICU infants has been indicated. Janvier et al. [7] reported that physicians and students gave significantly lower value of life to newborn infants compared to children/adults with similar risks of death and having impairments, when all patients needed immediate resuscitation. Cohen et al. [4] concluded that the current triage systems for adults are not applicable to neonates. Based on the experience during Hurricane Katrina, Klein et al. [8] emphasised the necessity for triage assessment tools for NICU infants.
In 2014, only 67% of hospitals in Japan were earthquake resistant [9] . The reconstruction plan of Kumamoto City Hospital had been postponed because of budget constraints, whereas the 2 other earthquake-proof NICUs in Kumamoto were undamaged. A program to make hospitals earthquake-resistant must be accelerated in regions around the world affected by earthquakes.
Conclusions
This was the first experience of total evacuation of a tertiary NICU after an earthquake. Preparedness in disaster management is important even in regions where earthquakes are rare, as reports from hurricanes suggest [8, 10] . Although the overall process of the evacuation was satisfactory, our failure in cooperation with the DMAT coordination office revealed covert but serious risks in relying on the adult-based coordination system of transportation. A better system needs to be developed urgently for vulnerable newborn infants. Meanwhile, for the evacuation of NICU, neonatologists should collaborate with the DMAT coordination office to put appropriate priority on NICU infants.
